Objective To manage patients with viral hepatitis, it is important to screen for hepatitis, conduct a comprehensive examination if such screening is positive, administer antiviral treatment, and conduct surveillance for hepatocellular carcinoma (HCC). The proper execution of this strategy is expected to effectively reduce the number of deaths from viral hepatitis. Such an "optimal" follow-up for HCC surveillance is therefore important. This study aimed to determine the benefits of performing an optimal follow-up of patients with viral hepatitis. Methods The subjects were infected with the hepatitis virus and were initially diagnosed with or treated for HCC from 2004-2012. We retrospectively analyzed the history of a patient's current illness using the hospital discharge summary. To minimize any lead-time bias, we calculated the corrected survival for patients who received an optimal follow-up. Results Of 333 patients, 107 (32.1%) did not receive an optimal follow-up and thus had low cumulative survival rates in comparison to those who did. The median corrected survival was 51.5 months for patients with an optimal follow-up compared with 31.4 months for those without (p=0.011). A multivariate analysis revealed that AFP <35 [odds ratio (OR), 2.054], Child-Pugh A (OR, 2.488), and an optimal follow-up (OR, 4.539) were independent factors associated with the detection of early-stage HCC. Age (OR, 0.939), tumor stage I/II (OR, 6.918), and an optimal follow-up (OR, 3.213) were found to be independent factors associated with receiving curative treatment. Conclusion An optimal follow-up of patients with viral hepatitis independently increased the detection of early-stage HCC and the administration of curative treatment. Patients with an optimal follow-up survived longer than those without.
Introduction
Viral hepatitis is the most prevalent infection worldwide. The number of carriers of the hepatitis B virus is estimated to be 350 million worldwide and from 1.3-1.5 million in Japan, and the number of carriers of the hepatitis C virus is estimated to be 170 million worldwide and from 1.5-2.0 million in Japan (1) . Hepatitis viruses B and C cause chronic liver disease that progresses to cirrhosis and liver cancer (1) . In Japan, liver cancer is the fifth-leading cause of death with approximately 30,000 deaths each year (2, 3) . Ninety-four percent of primary liver cancers are hepatocellular carcinomas (HCCs), and approximately 80-90% of HCCs are caused by a hepatitis virus (4, 5) . Therefore, the treatment of viral hepatitis is extremely important to prevent Division of Hepatology, Faculty of Medicine, Saga University, Japan, Medical Informatics, Saga University Hospital, Japan, Department of General Medicine, Saga University Hospital, Japan and Department of Internal Medicine, Faculty of Medicine, Saga University, Japan HCCs and related deaths, and achieving this goal requires the implementation of a multistage management strategy comprising screening for hepatitis virus, comprehensive examinations of virus-positive patients, antiviral treatment, and surveillance for HCC. The number of deaths from HCC will decrease only when individuals with hepatitis virus infection undergo surveillance for HCC.
The aim of the present study was to determine whether an optimal follow-up of patients with viral hepatitis was associated with the detection of HCC, the selection of treatment, and the prognosis of survival.
Materials and Methods
The subjects consisted of consecutive patients from the Division of Hepatology, Diabetes, Metabolism, and Endocrinology of Saga University Hospital, Japan who had viral hepatitis and were initially diagnosed with or treated for HCC from 2004-2012. The 333 patients included 220 men and 113 women, and their median age was 70 years (range, 23-91 years). We conducted a retrospective analysis of their medical histories using hospital discharge summaries acquired from the hospital's electronic medical records database.
In the present study, achieving an optimal follow-up was fulfilled if the patients underwent diagnostic imaging for chronic hepatitis every 6 months or for cirrhosis every 3-4 months, according to the surveillance algorithm of the Consensus-Based Clinical Practice Guidelines for HCC published by the Japan Society of Hepatology (6) . The tumor stages were determined according to the guidelines of the Liver Cancer Study Group of Japan (7) . This method includes three conditions as follows: i) tumor diameter ! 20 mm, ii) single tumor, and iii) no vascular invasion. Tumors that met three, two, one, or none of the conditions were classified as stage I, II, III, or IV, respectively. Patient and tumor characteristics were extracted from the data acquired at the time HCC was diagnosed. We investigated whether patients diagnosed with HCC received an optimal follow-up and then attempted to identify any associated benefits.
A statistical analysis was performed using the SPSS Statistics software program ver. 21 (SPSS Japan, Tokyo, Japan). The chi-square test was used to perform qualitative intergroup comparisons. The Mann-Whitney, Kruskal-Wallis, and Steel-Dwass tests were used for quantitative intergroup comparisons. A logistic regression model was used to perform univariate and multivariate analyses. The Kaplan-Meier method was used to analyze cumulative survival; and the log-rank test was used to determine the statistical significance of differences between the data sets. In all analyses, a p value <0.001 was considered to be significant.
To minimize any lead-time bias, which we defined as an increase in the survival time associated with the tumor diagnosis at an earlier stage determined from an optimal followup (8), we calculated the lead-time for patients with an optimal follow-up using the formula reported by Schwartz (9) as follows: T=3×DT×log (d1/d0)/log (2), where T is the leadtime in days, DT is the median tumor-volume doubling time (days), and d0 and d1 are the median tumor diameters of patients with and without an optimal follow-up, respectively. The corrected survival for patients with an optimal followup was calculated by subtracting the calculated lead-time from the length of the survival. If the value was negative, we assigned a corrected survival of 1 day.
The Clinical Research Ethics Review Committee of Saga University Hospital approved this study (approval number, 2012-03-14). An opt-out approach was used to obtain informed consent from the patients, and personal information was carefully protected during data extraction.
Results

Patient characteristics at the diagnosis of HCC
We enrolled 333 patients, median age 70 years (range, 23-91 years); and 220 (66.1%) were men. The patients' characteristics are summarized in Table 1 . The underlying liver disease was hepatitis B in 52 patients (15.6%) and hepatitis C in 281 (84.4%). The hepatic functional reserve was Child-Pugh A in 253 patients (76%), B in 70 (21%), and C in 10 (3%). The tumor stage was I in 81 (24.3%), II in 110 (33%), III in 105 (31.5%), and IV in 37 (11.1%). The median tumor diameter was 24 mm. The first treatment was surgery for 92 (27.6%), radiofrequency ablation (RFA) for 126 (37.8%), transcatheter arterial chemoembolization for 70 (21.1%), transcatheter arterial infusion for 23 (6.9%), a molecularly targeted drug for 1 (0.3%), and palliative care for 21 (6.3%). The patients who did or did not receive an optimal follow-up numbered 226 (67.9%) and 107 (32.1%), respectively. Of the 107 patients who did not receive optimal follow-up, 40 learned about their hepatitis because of HCC (incomplete screening), 23 did not undergo comprehensive examinations (incomplete examination), and 44 did not undergo treatment (incomplete treatment) (Fig. 1 ). The last group of patients included those who discontinued hospital visits, those treated without follow-up imaging for surveillance despite the recommendation of the guidelines, and those who did not make all of their scheduled visits to the hospital.
Characteristics of the patients at the diagnosis of HCC according to an optimal follow-up
A higher proportion of men did not receive an optimal follow-up (75.7% vs. 61.5%, p=0.011), had hepatitis B as the underlying liver disease (26.2% vs. 10.6%, p<0.001), and did not receive curative treatment, such as surgery or RFA (58.9% vs. 23.0%, p<0.001), compared with the patients who received an optimal follow-up. The former patients had advanced-stage HCC (p<0.001), higher ChildPugh class (p=0.010), greater tumor diameters (p<0.001), higher platelet counts (p=0.002), and higher α-fetoprotein (AFP) levels (p=0.003). Imaging for surveillance was a combination of computed tomography (CT), magnetic resonance imaging (MRI), and ultrasonography (US) in 155 patients (68.6%) and only US in 71 (31.4%). The data are summarized in Table 2a . Stage I/II patients without an optimal follow-up had greater tumor diameters (p=0.003) and did not receive curative treatment (p=0.005) in comparison to stage I/II patients with an optimal follow-up (Table 2b) .
Factors associated with the detection of early-stage HCC
A univariate analysis revealed the significant factors associated with the detection of early-stage (stage I/II) HCC to be a female sex, alanine aminotransferase ! 60, AFP ! 35, Child-Pugh class A, and receiving an optimal follow-up. A multivariate analysis revealed that AFP ! 35 [Odds ratio (OR), 2.054; 95% confidence interval (CI), 1.162-3.629; p= 0.013], Child-Pugh A (OR, 2.488; 95% CI, 1.263-4.900; p= 0.008), and optimal follow-up (OR, 4.539; 95% CI, 2.459-8.379; p<0.001) independently increased the opportunity of detecting early-stage HCC. The data are summarized in Table 3a. In patients with an optimal follow-up, there was no difference in imaging for surveillance between stage I/II patients and stage III/IV patients (p=0.755). A multivariate analysis revealed that imaging for surveillance was not a significant factor associated with the detection of early-stage HCC after adjusting for sex, ALT, AFP, and Child-Pugh class (Table 3b ).
Factors associated with receiving curative treatment
A univariate analysis revealed that the significant factors Table 4 .
Survival
The median follow-up period after the HCC diagnosis was 40.3 months (range, 0.03-137.73 months), and 105 (45.5%) and 66 (62.3%) of patients who did or did not receive optimal follow-up, respectively, died during follow-up. Of the 281 patients with HCV, 44 (15.7%) received anti-HCV therapy after HCC treatment, and 27 (13.4%) and 3 (3.8%) of patients who did or did not receive optimal follow-up, respectively, had a sustained virological response (SVR) . Thirty patients with SVR all survived during the observation period and 14 patients with non-SVR had a good survival compared to the patients without anti-HCV therapy history. The median survival was higher for the patients who received an optimal follow-up compared with those who did not (68.7 vs. 31.4 months, p<0.001). The estimated survival rates for the patients who did or did not receive optimal follow up at 1, 3, and 5 years were 92.6% vs. 67.6%, 74.1% vs. 48.9%, and 58.1% vs. 34.7%, respectively (Fig. 2) . The calculated lead-time was 339 days using the median tumorvolume doubling time (117 days) proposed by Sheu et al. (10) . The median survival of the patients who received an optimal follow-up corrected for this lead-time was 56.5 months, and the corrected survival rates at 1, 3, 5 years were 81.8%, 67.9%, and 46.6%. The median corrected survival in the patients who received an optimal follow-up was longer than the median survival of the patients who did not (56.5 vs. 31.4 months, p=0.011, Fig. 3 ). Fig. 4 shows the corrected cumulative survival rates of the patients who did or did not receive optimal follow-up according to tumor stage, Child-Pugh class, and treatment. Although stage I/II patients with an optimal follow-up did not have a good corrected survival compared to those without (p=0.198, Fig. 4a ), stage III/IV patients did (p=0.037, Fig. 4b ). There were no differences in the survival between the optimal follow-up group and non-optimal follow-up group according to Child-Pugh class and treatment (Fig. 4c-f ).
Discussion
The major findings of the present study are as follows: i) approximately 68% of HCC patients with viral hepatitis received an optimal follow-up, ii) an optimal follow-up was associated with the detection of early-stage HCC and the administration of curative treatment, and iii) patients who received an optimal follow-up survived longer than those who did not. We therefore conclude that an optimal follow-up improved survival because of the increased opportunity to detect early-stage HCC and thus administer curative treatment.
In this study, 31.0% and 67.3% of the patients with or without an optimal follow-up, respectively, had stage III/IV HCC. In the patients who received an optimal follow-up, there were no significant differences in sex, age, etiology, and imaging for surveillance between stage I/II patients and stage III/IV. In stage III/IV patients, patients with an optimal follow-up had smaller tumor diameters than did patients without an optimal follow-up [33 mm (range, 21-100 mm) vs. 50 mm (range, 21-200 mm), p<0.001] and this suggested that stage III patients with an optimal follow-up contained some patients similar to stage II. We estimated that this was one of the reasons why 31% of the patients with an optimal follow-up, not a low percentage, had stage III/IV HCC. Age was a factor associated with curative treatment. We estimated that an age-related poor performance status caused the selection of non-curative treatment. Additionally, a Child-Pugh A status was an independent factor associated with the detection of early-stage HCC for some unknown reason. Abdominal US revealed that the liver in patients with a Child-Pugh A status showed a homogeneous parenchymal echo pattern. We estimated that it was easy to detect HCC in patients with a Child-Pugh A status compared to those with a Child-Pugh B/C status due to parenchymal echo patterns.
The above-mentioned findings of the present study are consistent with those of previous studies that found surveillance for viral hepatitis to be beneficial. For example, two prospective studies revealed the benefits of surveillance for survival of viral hepatitis (11, 12) . Retrospective studies have found that surveillance increased survival when corrected for lead-time (13) (14) (15) (16) and increased the opportunity for patients to receive curative treatment (11, 12, 17) . The Japanese report of Tanaka et al. (16) indicated that the proportion of patients with small size HCC, solitary HCC, and local therapy (hepatectomy or RFA), respectively, was significantly higher in the surveillance group than in the nonsurveillance group, and surveillance increased survival in patients with Child-Pugh A after adjusting for the lead-time using 120 days or less as the doubling time. Our study mainly contained two differences relative to their report. The first was that surveillance was associated with the detection of early-stage HCC and the second was that surveillance increased the opportunity to administer curative treatment to these patients. We confirmed these benefits of an optimal follow-up using a multivariate regression analysis.
Our present findings are similar to previous studies (11) (12) (13) (14) (15) (16) (17) related to detecting early-stage HCC, thereby increasing the opportunity to administer curative treatment, and thus improve survival. A unique and significant aspect of the present study is that we assessed the benefits of surveillance regarding these three factors at a time using a regression analysis after adjusting for lead-time.
Our study is associated with several limitations because of its retrospective cohort design. The first is the existence of lead-time bias. We used 117 days (lead-time of 339 days) as the tumor-volume doubling time and minimized any leadtime bias by calculating the corrected survival of patients who received an optimal follow-up. Further, the corrected survival lacks accuracy, because we could not calculate the respective tumor-volume doubling time using computed tomography, magnetic resonance imaging or ultrasonography. Another limitation is the existence of selection bias. The subjects consisted of consecutive patients treated at a single center. The reliability of the assumption that patients received an optimal follow-up is another limitation. For example, many patients were referred by their primary care physician who informed us in an introductory letter about whether, in their opinion, the patient had received an optimal follow-up. In addition, some patients provided a selfevaluation of follow-up which means a less reliable degree of accuracy.
To overcome these limitations, we must minimize any lead-time bias by calculating the tumor-volume doubling time of each patient, conducting a multicenter study, and determining with certainty whether or not appropriate surveillance occurred. To these ends, cooperation between community medical organizations and their affiliated hospitals will be required to improve the quality of surveillance practiced by each.
It has been found to be impossible to completely clear HBV from the body (18) and even patients who become HBV surface antigen negative remain at risk for developing HCC (19) . HCC in patients with SVR has been reported (20) . All physicians should therefore recognize that patients with a history of viral hepatitis need to receive a continued optimal follow-up regardless of the antiviral treatment history.
In conclusion, we herein showed an optimal follow-up to be an independent factor associated with increased opportunities for detecting early-stage HCC and for patients to receive curative treatment. Moreover, when we adjusted for lead-time, the data showed that patients with HCC who received an optimal follow-up survived longer in comparison to those who did not.
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